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FRRSHUDWLYH ELDV ± WKDW LV WR VD\ WKH K\SRWKHVLV KDV WR EH WDNHQ VHULRXVO\ WKDW UHVHDUFKHUV SXEOLF
DXWKRULWLHVDQGSROLWLFLDQVDUHQRWQHFHVVDULO\KDSS\WRZRUNWRJHWKHUDQGWKDWWKH\GRQRWQHFHVVDULO\JLYH
XVHIXOPDWHULDODQGJXLGHOLQHVWRHDFKRWKHU
7KHXVHVRIVFLHQFHDUHGLYHUVHEXWW\SRORJLHVH[LVWIRUVWUXFWXULQJDQGUHGXFLQJWKHGLYHUVLW\RIWKHVH
XVHV7KLVZRUN LV EDVHGRQ WKH WKUHHSURQJHG W\SRORJ\ XVHGE\/RUQD6FKUHIOHU  LQVWUXPHQWDO
V\PEROLFDQGVWUDWHJLFXVHRI VFLHQWLILFNQRZOHGJHZKLFKSLFNVXSRQDQG UHJURXSV WKH VHYHQNLQGVRI
XVDJHGLVWLQJXLVKHGE\&:HLVV:HDUHQRQHWKHOHVVDZDUHRIWKHKHXULVWLFOLPLWVRIW\SRORJLFDO
ZRUN
7KLV SDSHU VKRZV WKDW RYHU WKH SHULRG LQYHVWLJDWHG UHVHDUFK XWLOLVDWLRQ LQ )UDQFHZDVPXFKPRUH
VWUDWHJLFZKLOVWLQ(QJODQGLWZDVSULPDULO\LQVWUXPHQWDO

,Q)UDQFHGRZHKDYHDPRUHµSROLWLFDO¶XVHRIURDGVDIHW\UHVHDUFK"

7KH )UHQFK VLWXDWLRQ LV PRUH UHGROHQW RI WKH ³3ROLWLFDO PRGHO´ DV GHILQHG E\ &DURO :HLVV 7KLV
HPSKDVLVHV FRQIOLFW RI LQWHUHVWV SRZHU UHODWLRQVKLSV DQG WKHLU SULPDF\ LQ WKHGHFLVLRQPDNLQJSURFHVV
6FLHQFHFDQEHXVHGWRVXSSRUWDQ\RIWKHVHLQWHUHVWV/RUQD6FKUHIOHUSUHIHUVWKHQRWLRQRIµVWUDWHJLFXVH¶
ZKLFK LQ KHU GHILQLWLRQ KDV WZR SULQFLSOH GLPHQVLRQV $ µSROLWLFDO VWUDWHJLFXVH¶ LQ WKH ILUVW SODFH LV
FKDUDFWHULVHG E\ D µWDFWLFDO XVH¶ RI NQRZOHGJH ± WKH FRQWHQW KHUH LV OHVV LPSRUWDQW WKDQ WKH OHJLWLPDF\
FRQIHUUHG E\ WKH VFLHQWLILF SURFHVV $IWHU WKLV D ³VWUDWHJLF VXEVWDQWLDWLQJ XVH´ FKDUDFWHULVHV D XVH RI
NQRZOHGJHWKDWDLPVWRVXSSRUWDSUHGHWHUPLQHGVROXWLRQ LQWKHIDFHRIWKHH[LVWLQJVROXWLRQRUDJDLQVW
WKHRSSRQHQWVWRDQLQQRYDWLRQ,I WKLVNLQGRIXVHLVFKDUDFWHULVWLFRIWKHZD\URDGVDIHW\UHVHDUFKZDV
XVHGLQ)UDQFHWKHH[DPSOHRIWKHVSHHGOLPLWVPDQDJHPHQWVKRZVHYHQPRUHWKDWUHVHDUFKLVRQO\RQHRI
WKHHOHPHQWVLQDPXFKZLGHULQWHOOHFWXDOHQWHUSULVH

7KHDGRSWLRQRIVSHHGOLPLWVLQ)UDQFH

,WZDVD VWHSE\VWHSSURFHVV7KH LQLWLDOGHFUHHRI-XQHVHW WKH VSHHG OLPLW DWNSK IRU
 NLORPHWUHV RI PDMRU URDGV DQG  NSK RQ WKH RWKHUV 7KH VHFRQG GHFUHH SURPXOJDWHG RQ 
'HFHPEHUWHPSRUDULO\VHWWKHVSHHGOLPLWDWNSKRQURDGVDQGNSKRQIUHHZD\V7KLVZDV
IROORZHGE\DWKLUGGHFUHHGDWHG0DUFKZKLFKPDLQWDLQHGWKHNSKOLPLWRQWKHQRQIUHHZD\
QHWZRUNZKLOHVWLSXODWLQJNSKIRU[ODQHH[SUHVVZD\VDQGNSKIRUIUHHZD\V7KHILQDOGHFUHH
RI1RYHPEHUVHWQDWLRQZLGHOLPLWVRINSKRQURDGVNSKRQH[SUHVVZD\VDQGNSKRQ
IUHHZD\V&*37KXVWKHSURFHVVRIIL[LQJDQGXQLYHUVDOLVLQJVSHHGOLPLWVFDQEHVXPPHGXS
DVIRXUUHJXODWRU\GHFLVLRQVVSUHDGRYHUWZR\HDUV

%XWWKHDGRSWLRQRIUHJXODWLYHPHDVXUHVFDQQRWEHVLPSO\XQGHUVWRRGDVWKHUHVXOWRIDFRGLILFDWLRQ
ZRUNGRQHE\OHJDOZULWHUV7KLVUHJXODWLYHSURGXFWLRQLVVWUDLJKWUHODWHGWRDUDQJHRIH[SHULPHQWVDQGD
ZRUNRQ WKHLU LPSOLFDWLRQV 7HUQLHU  $ ILUVW LOOXVWUDWLRQRI WKLV SURFHVV LV WKHSXEOLFDWLRQRI
216(5 'RFXPHQWV Q LQ )HEUXDU\ ³UpJOHPHQWDWLRQ GH OD YLWHVVH´ 7KH GRFXPHQW ORRNV DW
H[LVWLQJUHJXODWLRQVLQSDUWLFXODUWKHNSKVSHHGOLPLWIRUGULYHUVGXULQJWKHILUVW\HDUDIWHUWKHLUGULYLQJ
WHVW,WTXRWHVWKHH[DPSOHRIIRUHLJQH[SHULHQFHWREDFNXSWKHFRQWHQWLRQWKDWJHQHUDOLVHGVSHHGOLPLWV
KDGSURYHG WKHLU HIIHFWLYHQHVV PHDVXUHGE\ UHGXFWLRQ LQ WKH QXPEHUVRI DFFLGHQWV DQG FRQFOXGHV ³LW
WKHUHIRUH VHHPV UHDVRQDEOH WR HQYLVDJH D JHQHUDOLVHG VSHHG OLPLW LQ WKH \HDUV WR FRPH´7KH SURSRVHG
DGYDQWDJHV RI D VSHHG OLPLW ZHUH DOVR HFRQRPLF DQG LQ WKH HQG 216(5 WKH )UHQFK 1DWLRQDO
2UJDQLVDWLRQIRU5RDG6DIHW\UHFRPPHQGHGVHWWLQJXSDVSHHGOLPLWH[SHULPHQW7KLVZRUNFOHDUO\ILWV&
:HLVV¶V  µSUREOHP VROYLQJ PRGHO¶ 7KH ZD\ WKH GRFXPHQW ZDV GUDZQ XS KRZHYHU DOVR
GHPRQVWUDWHVDSURDFWLYHLQLWLDWLYHRQWKHSDUWRIWKHUHVHDUFKHUVDQGHVSHFLDOO\WKHGLUHFWRURI216(5
$VIDUDVWKHGLUHFWRURI216(5ZDVFRQFHUQHGWKLVZDV³WKHILUVWRIWKHJUHHQSDSHUVDGGUHVVHGWRWKRVH
UHVSRQVLEOH´ 7KH LGHD ZDV WR SUHVHQW WKH RXWFRPHV RI VWXGLHV MXVW DW WKH WLPH ZKHQ WKH JRYHUQPHQW
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DXWKRULWLHVZHUHWKLQNLQJRIODXQFKLQJDWUDIILFVSHHGOLPLWH[SHULPHQW:HDUHWKXVQRWIDUIURP:HLVV¶V
µNQRZOHGJHGULYHQPRGHO¶ZKLFKPDNHVDSSOLHGUHVHDUFKDVWDJHLQWKHGHFLVLRQPDNLQJSURFHVV

+RZHYHU WKLV LQVWUXPHQWDO XVH RI VFLHQWLILF NQRZOHGJH E\ GHFLVLRQPDNHUV LPSOLHV DJUHHPHQW
EHWZHHQUHVHDUFKHUVDQGSROLF\PDNHUVDVWRWKHQDWXUHRIWKHSUREOHPDQGWKHREMHFWLYHVWREHDWWDLQHG
,QWKHFDVHRIVSHHGOLPLWVWKLVDJUHHPHQWZDVQRWLFHDEOHE\LWVDEVHQFH7KLVZDVHYLGHQWLQLQWKH
GLVFUHSDQF\EHWZHHQWKHJHQHUDOUHSRUWRIWKHURDGVDIHW\FRPPLWWHH¶VILQGLQJVSXEOLVKHGLQ0DUFKDQG
D-DQXDU\DUWLFOHLQWKHQHZVSDSHU/H0RQGHUHSRUWLQJRQSURJUHVVRIWKHFRPPLWWHH¶VGLVFXVVLRQV7KH
JHQHUDO UHSRUW FRQFOXGHG WKDW WKH H[SHULPHQW LQ SURJUHVV GXULQJ  VKRXOG EH FRQWLQXHG 3ULPH
0LQLVWHU -&KDEDQ'HOPDV¶V FORVLQJ VSHHFK WR WKH FRPPLWWHHRQ0DUFKIROORZHG WKH VDPH OLQH LQ
XUJLQJDQH[WHQVLRQIRUWKHH[SHULPHQWV%XWKHLQGLFDWHGWKDWWKHUHVXOWVRIWKLVVHFRQGSKDVHZRXOGEH
DSSUDLVHGLQ2FWREHUZLWKDYLHZWRLPSOHPHQWLQJGHILQLWLYHPHDVXUHVLQ1RZLQ-DQXDU\
WKH /H 0RQGH DUWLFOH EDVHG RQ WKH ZRUGV RI WKH FRPPLWWHH VSRNHVPDQ ZDV DOUHDG\ DQQRXQFLQJ WKH
DGRSWLRQRI³XQSRSXODUPHDVXUHV´$VHDUO\DVDUHIHUHQFHVWXG\KDGHVWDEOLVKHGWKDW³DVSHHGOLPLW
LVLQHYLWDEOHRQO\WKHPHDQVRILPSOHPHQWDWLRQUHPDLQWREHFODULILHG´7HUQLHU

7KHJRYHUQPHQW¶VGHVLUHWRGHOD\DGRSWLRQRIµXQSRSXODUPHDVXUHV¶E\H[WHQGLQJWKHH[SHULPHQWVDQG
WKHLUHYDOXDWLRQLVUHGROHQWRIWKH3ROLWLFDO0RGHODQGFRYHUVD6WUDWHJLFRULQWKHQDUURZVHQVHD7DFWLFDO
8VHLQWKHLUUHFRXUVHWRVFLHQFH5HFRXUVHWRVFLHQFHLQWKLVFDVHKDVOHVVWRGRZLWKWKHHQYLURQPHQW±D
SUREOHPLQVRFLHW\QHHGLQJWREHVROYHG±DQGPRUHWRGRZLWKSROLWLFDOPDQRHXYULQJ7KLVNLQGRIXVHRI
NQRZOHGJH LV W\SLFDO RI D SROLWLFDO DUHQD LQ ZKLFK WKHUH DUH PDQ\ DFWRUV DQG YHU\ WRXJK FRQIOLFWV RI
LQWHUHVW6FLHQFH LQWKHVHFLUFXPVWDQFHVEHFRPHVMXVWRQHUHVRXUFHDPRQJVWRWKHUV WREHPRELOLVHGLQ
WKHH[FKDQJHRIEORZV,WVKRXOGDOVREHQRWHGWKDWWKLVSURSRVDOFDPHDWDWLPHZKHQWKHGHYHORSPHQWRI
DSROLF\RI³KLJKODQGVSHHG´ZDVEHLQJPRRWHG±ZLWKDHURWUDLQVWXUERWUDLQVDQGWKHGHYHORSPHQWRI
µVXSHUPRWRUZD\V¶7KHRXWFRPHVRIVFLHQFHFRXOGEHXVHGWROHJLWLPLVHDVROXWLRQWKDWUDQFRXQWHUWRD
PRYHPHQWLQIDYRXURIHYHUPRUHUDSLGPRELOLW\

7KHSURJUDPPLQJRIVXFFHVVLYHH[SHULPHQWVDQGHYDOXDWLRQVVHHPVWRKDYHVHUYHGDVD MXVWLILFDWLRQ
IRU SRVWSRQLQJ D FRQWURYHUVLDO GHFLVLRQ ³IXUWKHU UHVHDUFK LV QHHGHG´ ,Q  D OLPLW RI  NSKZDV
WHVWHGRQNLORPHWUHVRIPDMRU URDGV DQG H[WHQGHG LQ WR DOPRVW  IXUWKHU NLORPHWUHVRI
QDWLRQDO KLJKZD\V ZLWK WKH OLPLW VHW DW  NSK 7KH QDWLRQDO URDG VDIHW\ ERG\ 216(5 ZDV
FRPPLVVLRQHGE\WKHDXWKRULWLHVWRHYDOXDWHWKHUHVXOWVRIWKHVHWZRH[SHULPHQWVZLWKDYLHZWRSURYLGLQJ
LQSXW IRU D GHFLVLRQ E\ WKH DXWKRULWLHV ([SHULPHQWV DQG HYDOXDWLRQ DOORZHG WKH JRYHUQPHQW DQG WKH
DGPLQLVWUDWLRQ WR VD\ WKH\ZHUH WDNLQJ DFWLRQ WR SURYH WKHLU LQYHVWPHQW DQG WKHLU UDWLRQDO DSSURDFK WR
WKLQJVHYHQLIREMHFWLYHO\LWZDVLPSRVVLEOHWRGRDQ\WKLQJRQDFFRXQWRIWKHFRQIOLFWV

7KH ODWHQF\ SHULRG EHIRUH WDNLQJ D JRYHUQPHQWDO GHFLVLRQ H[WHQGHG XQWLO VW -XO\  )RU WKLV
UHDVRQWKHJHQHUDOLVDWLRQRIVSHHGOLPLWVLQ)UDQFHFDQQRWEHVDLGWREHEDVHGRQXVHRIFRQYLQFLQJGDWD
EXWUDWKHURQµQRQXVH¶LQ6FKUHIOHU¶VVHQVH7KHGHFLVLRQRZHGDJUHDWGHDOWRWKHIDFW WKDW WKH
GHFLVLRQPDNLQJDFWRUV SDUWLFXODUO\ WKHURDGVDIHW\GHOHJDWHVHL]HG WKHZLQGRZRIRSSRUWXQLW\RIIHUHG
E\WKHIXHOFULVLV


6HHDUWLFOHLQ/H0RQGH-DQXDU\
 ,Q WKH VSHHFKKHSUHVHQWHG)UDQFHDV D FRXQWU\EHKLQG WKH WLPHV FRPSDUHGZLWKRWKHU(XURSHDQFRXQWULHV LQFOXGLQJ(QJODQG
S7RSLFVDGGUHVVHGLQRUGHUDLGIRUWKHLQMXUHGGULYHUVDOFRKROLQIUDVWUXFWXUHEODFNVSRWVVSHHGOLPLWVLQIRUPDWLRQDQG
RUJDQLVDWLRQ
,QWKHPD[LPXPVSHHGLQDEXLOWXSDUHDZDVVHWDWNSK7KHHIIHFWVRIWKLVUHJXODWLRQKDYHQHYHUEHHQHYDOXDWHG&RKHQ
,Q'HFHPEHULWZDVVHWDWNSK
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+RZHYHUWKHVXFFHVVLYHH[SHULPHQWVDQGWKHLUHYDOXDWLRQZHUHQRWVLPSO\DPHDQRIPDNLQJXSIRU
ODFN RI GHFLVLRQ 7KH\ SURJUHVVLYHO\ H[WHQGHG WKH PHDVXUH WR QHZ URDGV DQG PDGH DQ LPSRUWDQW
FRQWULEXWLRQ WRZDUGV WKH LPSOHPHQWDWLRQ RI WKH VROXWLRQ LQ D OHJLWLPDWH ZD\ 7KH FRQFOXVLRQV RI WKH
YDULRXVH[SHULPHQWVZHUH LQ IDYRXURIDQ LQFUHDVH LQ URDGVDIHW\7KLVRXWFRPHVLPSO\ VWUHQJWKHQV WKH
FRPPRQVHQVHK\SRWKHVLV WKDWNQRZOHGJHFLUFXODWHVDPRQJDSOXUDOLW\RIDFWRUV DQG VFLHQWLVWVDUH MXVW
RQHJURXSRISDUWLFLSDQWVDPRQJRWKHUV

2YHU WKLV SHULRG WKHUHZDV QRJHQHUDO DJUHHPHQW LQ)UDQFH DERXW WKH VSHHG OLPLW ,Q IDFW LWZDV D
VXEMHFWRIYLROHQWDQGVWRUP\GHEDWHFRQILUPLQJWKHIDFWWKDWVFLHQWLILFNQRZOHGJHRQFHJDWKHUHGLVRSHQ
WR LQWHUSUHWDWLRQ DOO RI ZKLFK LPSOLHV µGLDORJXH¶ DQG µEX\LQ¶ RQ WKH SDUW RI WKRVH ZKR XVH VXFK
NQRZOHGJH1XWOH\HWDOS7KHPRELOLVDWLRQRI$XVWUDOLDQVWXGLHVDQGWKHHQOLVWPHQWRIUHVHDUFKHUV
E\WKHPRWRUPDJD]LQH$XWR-RXUQDOWRGLVFUHGLWWKHILQGLQJVRI)UHQFK216(5UHVHDUFKHUVLOOXVWUDWHWKLV
SRLQW7KHUHLVQRVXFKWKLQJDVVWUDLJKWIRUZDUGSURSDJDWLRQRUVXSSO\RINQRZOHGJHWRSDVVLYHDXGLHQFHV
:KDW FRXQWV DV VFLHQWLILF HYLGHQFH LI LW LV REMHFWLYH LV VWLOO FRORXUHG E\ WKH VXEMHFWLYLW\ DQG WKH
FRPPLWPHQWRIWKHDFWRUVLQYROYHGDVZHOODVE\WKHFRQWH[W,QWKLVGHEDWHWKHUHMHFWLRQE\$XWR-RXUQDO
RIWKHVFLHQWLILFVWDWXVRI216(5ZDVDQDFWRIGHILDQFHDJDLQVWJRYHUQPHQWDXWKRULW\

,QVKRUWDOWKRXJKDWHFKQLFDODQGLQVWUXPHQWDOXVHRIVFLHQFHPD\SHUWDLQ±WKHUHLVDSUREOHPWREH
VROYHGDQGUHVHDUFKHUVDUHEURXJKWLQERWKWRILQGZKDWµPHDVXUHV¶ZLOOEULQJGRZQWKHQXPEHURIGHDWKV
± SROLWLFDO VWUDWHJLF XVH LV VWLOO SUHVHQW SDUWLFXODUO\ LQ WKH QHHG WR OHJLWLPLVH  GLVFUHGLW JRYHUQPHQW
DFWLRQ7KLVXWLOLVDWLRQVHHPVFDSDEOHRIH[SODQDWLRQLQWKLVLQVWDQFHWRRWKURXJKWKHVWDWXVRIURDGVDIHW\
UHVHDUFKLQ)UDQFHDWWKHEHJLQQLQJRIWKHV

,Q )UDQFH XQWLO WKH V URDG VDIHW\ UHVHDUFK UHPDLQHG ³D SULYDWH DIIDLU´ LQ VSLWH RI WKH QHZ
FRQVLGHUDWLRQRIWKHURDGDFFLGHQWLVVXHDVDSUREOHPWKURXJKRXWWKHWK5HSXEOLF7KHUHZDV
QHLWKHU JRYHUQPHQW DFWLRQ ± H[FHSW FLUFXPVWDQWLDOO\ SUHSDUDWLRQ RI D KLJKZD\ FRGH RU XQGHU WKH
SUHVVXUH RI SXEOLF RSLQLRQ EHFDXVH RI VRPH VSHFWDFXODU DFFLGHQWV .OHW]OHQ  ± QRU DQ\ SXEOLF
UHVHDUFKLQWRURDGVDIHW\7KHILUVWVWXGLHVZHUHPDGHE\LQVXUDQFHSURIHVVLRQDOVDQGFDUPDQXIDFWXUHUV
216(5ZDVFUHDWHGLQ

)URPLQGXOJHQFHVWRDXWRPDWHGVSHHGHQIRUFHPHQW

,IZHORRNIRUZDUGWKUHHGHFDGHVODWHUWKHODQGVFDSHFKDQJHGGUDPDWLFDOO\6LQFHWKHVHFRQGKDOIRI
WKH V WKH VWUXJJOH DJDLQVW H[FHVVLYH VSHHGV ZDV LQVWLWXWLRQDOLVHG &RQFHUQLQJ VSHHG UHJXODWLRQ
OHYHOV LQVWUXPHQWV DQG REMHFWLYHV DUH QRZ IL[HG 2XWVLGH DJJORPHUDWLRQ VSHHG HQIRUFHPHQW LV QRW
DQ\PRUH D PDLQ LQVWUXPHQW RI SXEOLF SROLF\ FRQVLGHULQJ URDG VDIHW\ LQ )UDQFH 5HJXODWLRQ H[LVWV DQG
SROLFHPHQ DUH LQ FKDUJH RI LWV LPSOHPHQWDWLRQ 3URJUHVVLYHO\ VSHHG HQIRUFHPHQW DV D VWDNH LV QRW
FRQFHLYHGDVFHQWUDODQ\PRUHIRUWKHHODERUDWLRQRISXEOLFSROLFLHVDQGWKHLULPSOHPHQWDWLRQDVLOOXVWUDWHV
WKH GHYHORSPHQW RI WKH SKHQRPHQRQ RI ©LQGXOJHQFHVª 7KLV HYROXWLRQ KDV WR EH SXW LQWR D EURDGHU
FRQWH[W5RDGVDIHW\ LVQRWFRQVLGHUHGDVWKHILHOGRILQWHUYHQWLRQRIWKH6WDWHEXWWHQGVWREHPRUHDQG
PRUHFRQVLGHUHGDVKDYLQJWREHWKHILHOGRILQWHUYHQWLRQRIDOOFLWL]HQV7KLVFKDQJHLQWKHUHSUHVHQWDWLRQV
RIWKHURDGVDIHW\LVVXHLVFUXFLDO7KHDPELWLRQUHSUHVHQWHGLQSDUWLFXODUE\DQHZGHOHJDWH3LHUUH0D\HW
 LV IURP QRZRQ WRPRELOL]H WKH VRFLHW\ WKDQNV WR DQ DFWLRQRI GHFHQWUDOL]DWLRQ RI SXEOLF
SROLF\LQURDGVDIHW\5HVHDUFKHUVWDNHSDUWWRWKLVFKDQJHLQUHSUHVHQWDWLRQRIWKHLVVXH

7KLVSHULRGXQWLOWKHHQGRIWKHVLOOXVWUDWHVWKHZD\UHVHDUFKHUVFDQFRQWULEXWHWRUHIRUPXODWHWKH
LVVXHLWVVROXWLRQVDQGZD\VWRWKLQNDERXWLW1XWOH\DQGDO7KLVLVDPRUHLQGLUHFWXVHRIVFLHQFH
,GHDV DQG UHSUHVHQWDWLRQV ZD\V UHVHDUFKHUV FRQVLGHU WKH LVVXHV DUH GLIIXVLQJ DQG WDNHQ RYHU E\ RWKHU
DFWRUV LQWHUHVW JURXSV PHGLD SXEOLF DXWKRULWLHV DQG FDQ FRQWULEXWH WR VXEVWDQWLYH UHRULHQWDWLRQV RI
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SXEOLFSROLFLHV5HVHDUFKHUVFRQWULEXWHWRWKHLPSOHPHQWDWLRQRIQHZSXEOLFSROLF\WRROVPRUHDGDSWHGWR
WKH QHZ IUDPHZRUN LQ URDG VDIHW\ ZKLFK LV LPSRVLQJ WKDQNV WR WKH PDMRU SROLWLFDO FKDQJH LQ 
GHFHQWUDOL]DWLRQRISXEOLFSROLF\DQGZLVKWRPDNHWKHFLYLOVRFLHW\PRUHDFWLYH7KHSURJUDP5($*,5
5HDFW WKURXJK LQTXLULHV RQ KHDY\ DFFLGHQWV DQG LQLWLDWLYHV IRU UHPHG\LQJ WR LW DUH RQH LOOXVWUDWLRQ RI
WKHVHQHZFRQFHSWLRQV

7KLVQHZIUDPHZRUNRIURDGVDIHW\SROLFLHVVHWWOHGLQWKHVDQGWKHIROORZLQJRQWKHRULHQWDWLRQV
RIURDGVDIHW\SROLFLHVFDQQRWUHVLVWWKHDEVHQFHRILPSURYHPHQWLQURDGVDIHW\UHVXOWV$WWKHHQGRIWKH
VWKHV\PEROLFOHYHORIGHDWKSHRSOHRQ)UHQFKURDGVSURYRNHVUHDFWLRQV$QHZIUDPHZRUNLV
SURJUHVVLYHO\ VHWWOHG +DPHOLQ  6SHHG FRPHV EDFN LQ WKH SUHRFFXSDWLRQV RI SXEOLF DXWKRULWLHV LQ
FKDUJHRIURDGVDIHW\1DPLDV2QHRIWKHPDLQFRQWULEXWLRQVRIUHVHDUFKGXULQJWKLVSHULRGLVWKH
UHRULHQWDWLRQWRZDUGVVSHHGHQIRUFHPHQWV\VWHPVDQGWKHLGHQWLILFDWLRQVRIWKHIDLOXUHVRIWKHVHV\VWHPV
:H MRLQ KHUH WKH HQOLJKWPHQW PRGHO 6FLHQWLILF NQRZOHGJH LV XVHG IRU LGHQWLI\LQJ IDLOXUHV DQG
XQGHUVWDQGLQJWKHP1HYHUWKHOHVVWKH\DUHQRWXVHGLQSXEOLFSROLF\EHIRUHWKHSURJUHVVLYHFKDQJHZKLFK
RFFXUUHGIURPRQZDUGV%XWLWOHJLWLPDWHVWKHVROXWLRQRIVSHHGHQIRUFHPHQWV\VWHPVDOUHDG\SUHVHQW
LQWKH:KLWH%RRNRQURDGVDIHW\LQ

7KHXVHRIHYDOXDWLRQSUDFWLFHVLVSOD\LQJDQ LPSRUWDQWUROHDQGPRUHSDUWLFXODUO\WKHHYDOXDWLRQRI
VSHHG HQIRUFHPHQW V\VWHPV DOUHDG\ LPSOHPHQWHG LQ  LW LV RIILFLDOO\ GHFLGHG LQ 2FWREHU 
ODXQFKHGLQ$SULODQGFRQFOXGHGLQ,QWKLVSHULRGRIDGHHSDQGUDSLGFKDQJHLQSXEOLFSROLF\
VFLHQWLILF NQRZOHGJH LV XVHG LQ DQ LQVWUXPHQWDO ORJLF WKH HODERUDWLRQ RI HYDOXDWLRQ DV D VLPSOH DQG
LPSHUDWLYHFORQHRIWKHUHVHDUFKPDGHE\&ODXGLQH3HUH]'LD]

7KH,15(76ZKLFKZDVFRQVWLWXWHGRQWKHEDVLVRIWKH216(5LQUHPDLQHGPRVWO\RXWVLGHWKLV
SURFHVV+RZFDQZHH[SODLQWKHZLWKGUDZDORIWKH,15(76DQGLWVUHVHDUFKHUV"6HYHUDOH[SODQDWLRQVFDQ
EH SURSRVHG RQ RQH KDQG D PLVWUXVW E\ SROLF\PDNHUV RI WKH ZRUN GRQH E\ ,15(76 UHVHDUFKHUV
FRQVLGHUHGDVWRRWKHRUHWLFDORUWRROHVVDSSOLHGRQWKHRWKHUKDQGDZLWKGUDZDORI,15(76UHVHDUFKHUV
IURP GHFLVLRQPDNLQJ FHQWUHV GXH WR WKH WUDQVIRUPDWLRQV RI WKH UHVHDUFK V\VWHP LQ URDG VDIHW\ WKH
GHYHORSPHQWRIWKHUHVHDUFKPRGHORIWKH&156GHHSHQVWKHEULGJHEHWZHHQUHVHDUFKDQGSXEOLFSROLF\
DUHWLFHQFHIURP,15(76UHVHDUFKHUVWRIRFXVRQWKHDWWLWXGHRIWKHGULYHUPHDQZKLOHWKH\ZRXOGOLNHWR
FRQVLGHUDELJJHUYDULHW\RIDFFLGHQWFDXVHVDIUDJPHQWDWLRQRIUHVHDUFKLQURDGVDIHW\ZLWKLVLOOXVWUDWHG
LQWKHSURFHHGLQJVRIWKH,15(76VSHHGVHPLQDUIURP'HNNHUV

2QH RI WKH SDUDGR[LFDO EXW HVVHQWLDO UHVXOWV RI WKLV VHPLQDU LV WR VKRZ WKH H[WUHPH GLYHUVLW\ RI
VFLHQWLILF DSSURDFKHV WR VSHHG DV D SUREOHP DQG SRVVLEOH VROXWLRQV FRPPXQLFDWLRQ HGXFDWLRQ
LQIUDVWUXFWXUHV SODQQLQJ GLVVXDVLRQ DQG VR RQ ,W KLJKOLJKWV DQ HQODUJHPHQW RI ZD\V WR FRQVLGHU WKLV
SUREOHP LPSO\LQJDYDULHW\RISXEOLFSROLFLHVPRUH WKDQD UHGXFWLRQRI WKHSUREOHPUHTXLUHGE\SXEOLF
DXWKRULWLHV 7KH &6$ DW WKH YHU\ KHDUW RI )UHQFK URDG SROLF\ DW WKH WLPH LV QRW UHDOO\ SUHVHQW LQ WKH
VHPLQDU SUHVHQWLQJRQO\RQH FRQWULEXWLRQ7KLV UHVXOW XQGHUOLQHV WKH IDFW WKDW ³URDG VDIHW\ UHVHDUFK LV
SOXULGLVFLSOLQDU\´6HYHUDOILHOGVFRQWULEXWHWRDEHWWHUNQRZOHGJHRIWKHSKHQRPHQRQDQGVHYHUDO ILHOGV
DUHLQWHJUDWLQJVHYHUDOGLVFLSOLQHV%XWLQWHUPVRIXVHRIUHVHDUFKZHFDQFRQVLGHUIROORZLQJ&:HLVV
WKDWWKHXVHRIVFLHQFHFDQJLYHSODFHWRDQHQGDUNHQPHQWSURFHVVPRUHWKDQDQHQOLJKWPHQWRQH1XWOH\
HWDO

,Q(QJODQGDSULQFLSDOO\LQVWUXPHQWDOXVHRIUHVHDUFKLQURDGVDIHW\"

7KH(QJOLVKFDVHVHHPVWREHYHU\GLIIHUHQW$W WKHEHJLQQLQJRIWKHVUHVHDUFKVHHPVWRKDYH
EHHQ DQ HVVHQWLDO IDFWRU LQ WKH GHYLVLQJ RI (QJOLVK URDG VDIHW\ SROLF\ (QJOLVK SROLF\PDNHUV PDGH
LQVWUXPHQWDOXVHRIVFLHQWLILFNQRZOHGJHLQURDGVDIHW\,QRWKHUZRUGVWKH\XVHGLWLQRUGHUWRUHVSRQGWR
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ZHOOGHILQHGREMHFWLYHV*LYHQDQLGHQWLILHGSUREOHPNQRZOHGJHSURYLGHVWKHPHDQVRIFKRRVLQJWKHEHVW
VROXWLRQ 7KLV LQVWUXPHQWDO XVH RI UHVHDUFK 6FKUHIOHU  LV SDUW RI DQ DWWHPSW WR UDWLRQDOL]H SXEOLF
GHFLVLRQV WRZKLFK&:HLVV¶V  SUREOHP VROYLQJPRGHO DOVR UHIHUV IDFHGZLWK DSUREOHP WREH
VROYHG UHVHDUFKRIIHUVHPSLULFDOHYLGHQFHDQGSURYLGHVRXWFRPHV WKDWKHOS LQGHFLVLRQPDNLQJ ,Q WKLV
FDVHUHFRXUVHWRVFLHQFHWRRNWKHIRUPHLWKHURIVHHNLQJRXWUHOHYDQWGDWDRURIDGKRFFRPPLVVLRQLQJRI
UHVHDUFK 7KLV XWLOLVDWLRQ ZDV VXSSRUWHG E\ WKH WUDGLWLRQ WKH OHJLWLPDF\ DQG WKH SURIHVVLRQDOL]DWLRQ RI
(QJOLVKURDGVDIHW\UHVHDUFKDQGDOVRE\WKHFOHDUO\GHILQHGH[SHFWDWLRQVRIWKHSXEOLFDXWKRULWLHV

5HVHDUFKDQGVSHHGOLPLWJHQHUDOL]DWLRQ

,Q(QJODQGWKHUHZDVQRµQDWLRQDO¶VSHHGOLPLWXQWLOWKHPLGGOHRIWKHV2Q'HFHPEHU
%DUEDUD&DVWOH0LQLVWHU RI 7UDQVSRUW LQWURGXFHG D VSHHG OLPLW RI PSK  NPK IRU DOO (QJOLVK
URDGVLQFOXGLQJPRWRUZD\V7KHGHFLVLRQIROORZHGDZKROHVHULHVRIFUDVKHVLQWKHPRQWKRI1RYHPEHU
ODUJHO\GXH WRKHDY\ IRJ7KH\SURYLGHGDQ³RSSRUWXQLW\´ IRUSROLF\PDNHUV WR LQWURGXFHD IRXUPRQWK
WULDOSHULRGZKLFKZDVSURORQJHGXQWLO6HSWHPEHUWRHQDEOHWKH5RDG5HVHDUFK/DERUDWRU\55/
WRDVVHVVLWVHIIHFWV7KH55/SURGXFHGWZRUHSRUWVRQHLQDQGRQHLQ55/6SHFLDO5HSRUWQ
 ,QWHULP5HSRUW RQ WKH PSK 6SHHG/LPLW 7ULDO /RQGRQ+062  DQG5HSRUW RQ WKHPSK
VSHHG OLPLWV WULDO 55/ &URZWKRUQH  7KH VHFRQG UHSRUW FRQFOXGHG WKDW WKH VSHHG OLPLWV KDG
FRQVLGHUDEO\UHGXFHGWKHQXPEHUVRIFDUVWUDYHOOLQJDWKLJKVSHHGRQPRWRUZD\VWKDWPRWRUZD\DFFLGHQWV
KDGEHHQUHGXFHGE\DQGDFFLGHQWVRQRUGLQDU\URDGVE\7KLVLQVWUXPHQWDOXWLOL]DWLRQRI55/
VWXGLHV KDV EHHQ FRQILUPHG LQ LQWHUYLHZV FRQGXFWHG ZLWK 5 $OOVRS ZKR HPSKDVL]HV WKH SLRQHHULQJ
FRQWLQXRXVDQGVXVWDLQHGQDWXUHRIUHVHDUFKLQWRWKHHIIHFWVRIVSHHGRQDFFLGHQWVDQGWKHNH\LPSRUWDQFH
RI55/DQG8QLYHUVLW\UHVHDUFKHUVLQWKHGHYHORSPHQWRIURDGVDIHW\SROLF\

2IFRXUVHLQ(QJODQGWRRWKHRLOFULVLVSOD\HGDQLPSRUWDQWSDUWLQWKHJHQHUDOVSUHDGRIVSHHGOLPLWV
,Q 'HFHPEHU  DV SDUW RI WKH HPHUJHQF\ PHDVXUHV IRU UHGXFLQJ HQHUJ\ FRQVXPSWLRQ WKH 8QLWHG
.LQJGRPDGRSWHGDPSKVSHHGOLPLWRQDOOURDGVLQFOXGLQJPRWRUZD\V7KHVHWHPSRUDU\UHVWULFWLRQV
ZHUHOLIWHGLQ0D\%XWLQ'HFHPEHUVSHHGOLPLWVZHUHIL[HGDFFRUGLQJWRFDWHJRU\RIURDGVLQJOH
FDUULDJHZD\URDGVPSKGXDOFDUULDJHZD\VDQGPRWRUZD\VPSK7KHVHWHPSRUDU\OLPLWVZHUH
H[WHQGHG XQWLO $SULO  $W WKH KHLJKW RI WKH RLO FULVLV 755/ LQYHVWLJDWLRQVVKRZHG D YROXQWDU\
FKDQJH LQ EHKDYLRXU LH D UHGXFWLRQ RI VSHHG LQ RUGHU WR VDYH SHWURO %XW WKH DUFKLYHV DOVR VKRZ WKH
PLQLVWU\DVNLQJWKH755/UHVHDUFKHUV³&RXOG\RXSOHDVHSUHSDUHDGYLFHIRUKLP7KH0LQLVWHURQWKLV
SRVVLELOLW\RIUHGXFLQJWKHOLPLWWRPSKRQRUGLQDU\URDGV´OHWWHURQ$XJXVW

7KH 755/ ZDV LQVWUXPHQWDO ERWK EHIRUH DQG DIWHU WKH GHFLVLRQ 1RW RQO\ ZDV WKH LQIRUPDWLRQ
SURYLGHGE\WKHUHVHDUFKWHDPXVHGDVDQDLGWRGHFLVLRQPDNLQJEXWDIWHUZDUGVWKHWHDPZDVDOVRDVNHG
WRHYDOXDWHWKHHIIHFWVRIWKHVSHHGUHVWULFWLRQV&KDUOHVZRUWK*LYHQWKHILQLVKHGQDWXUHRI
WKH%ULWLVKUHVHDUFKVHWXSRQHXQGHUVWDQGVLWVSRVLWLRQDWWKHKHDUWRIWKHGHFLVLRQPDNLQJSURFHVV7KH
H[LVWHQFHRI WKH5RDG5HVHDUFK/DERUDWRU\ 55/  D SXEOLF UHVHDUFK ODERUDWRU\EXLOW LQ DQG LWV
SUHYLRXV KLVWRU\ JLYH XV DQ XQGHUVWDQGLQJ RI WKH SURIHVVLRQDOLVP WKDW VXUURXQGHG WKH LQWURGXFWLRQ RI
UHVHDUFK LQWR WUDIILF DQG URDG VDIHW\ ³5RDG6DIHW\5HVHDUFK´VWDUWHG RXW DV SDUW RI DQ DOUHDG\ H[LVWLQJ
ILHOG RI UHVHDUFK 5RDG 5HVHDUFK ,QYHVWLJDWLRQV LQWR WUDIILF DQG VDIHW\ JUHZ XS E\ WUDQVIHUULQJ DQG

,QWHUYLHZZLWK5$OOVRS0D\
,QWKH5RDG5HVHDUFK/DERUDWRU\EHFDPHWKH7UDQVSRUWDQG5RDG5HVHDUFK/DERUDWRU\DIWHUKDYLQJEHHQSODFHGXQGHUWKH
DHJLVRIWKH'HSDUWPHQWRI7UDQVSRUW
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DGDSWLQJWKHVWDQGDUGVRIURDGHQJLQHHULQJDOWKRXJKWKHFUHDWLRQRIDVWDWLVWLFVDQGSODQQLQJVHFWLRQGLG
LQWURGXFHDTXHVWLRQLQJRIWKHVRFLDODQGHFRQRPLFRUGHU

$VHDUO\DVWKH5RDG5HVHDUFK%RDUGHVWDEOLVKHGWKDWGHYHORSPHQWRIDSROLF\WRFRPEDWGDQJHU
RQWKHURDGVFDOOHGIRUWKHXVHRIVFLHQWLILFUHVHDUFK$FFLGHQWSUHYHQWLRQSROLF\KDGWREHEDVHGRQSDUWLDO
DQGFXPXODWLYHVROXWLRQV³ZHIHHOWKDWVXFKFRQVLGHUDWLRQVSURYLGHWKHUHDVRQZK\LWLVHVVHQWLDOWRFDOO
RQ WKH H[SHULPHQWDO DQG DQDO\WLFDO UHVRXUFHV RI VFLHQFH´ 7KH DSSHDO WR VFLHQFH QRQHWKHOHVV ZDV DV
PXFK D ZD\ RI LQFUHDVLQJ NQRZOHGJH SULRU WR DFWLRQ DV D UHVSRQVH WR FRPPRQ VHQVH 7KH OLQN WKXV
HVWDEOLVKHGEHWZHHQVFLHQFHDQGSXEOLFGHFLVLRQPHDQWWKDWWKHSXEOLFDXWKRULWLHVKDGWRDVVHPEOHD³ERG\
RI NQRZOHGJH´ EHIRUH WKH\ FRXOG DFW RQ DQ\WKLQJ $ SULRULW\ WDVN IRU UHVHDUFKHUV WKHUHIRUH ZDV WKH
FROOHFWLRQRIQHFHVVDU\GDWD IRU WKHDQDO\VLVRIDFFLGHQWV+HQFH WKH LPSRUWDQFHDVHDUO\DVRID
³VWDWLVWLFDODSSURDFK´WRWUDIILFDQGURDGDFFLGHQWVWXGLHV7KDWVDPH\HDUD³WUDIILFDQGVDIHW\GLYLVLRQ´
ZDVFUHDWHGDVSDUWRIWKH55/

$QRWKHULPSRUWDQWSRLQWIRURXUGLVFXVVLRQZDVWKHSLORWLQJRIWKLVUHVHDUFKE\WKH&LYLO6HUYLFH7KH
³WUDIILF DQG VDIHW\ GLYLVLRQ´ JUHZ RXW RI WKH UHFRPPHQGDWLRQV RI DQ$GYLVRU\ &RXQFLO RI 2FWREHU
 DFWLQJRQ WKH FRQFOXVLRQVRI D SDUOLDPHQWDU\ UHSRUW 5HSRUW RI WKH6HOHFW&RPPLWWHHRI WKH
+RXVH RI /RUGV RQ WKH3UHYHQWLRQ RI5RDG$FFLGHQWVNQRZQ DV 7KH$OOQHVV&RPPLWWHH 7KH$OOQHVV
&RPPLWWHH UHSRUW KDG UHFRPPHQGHG WKDW WKH ODERUDWRU\ EH JLYHQ D XQLW GHYRWHG WR TXHVWLRQV RI URDG
VDIHW\ :H DUH WKXV GHDOLQJ ZLWK DQ RUJDQLVDWLRQ PHWKRGLFDOO\ VHW XS RQ WKH LQLWLDWLYH RI FHQWUDO
JRYHUQPHQW

+RZHYHU WKH 55/ LH URDGVDIHW\ UHVHDUFK GRHV QRW FRPH XQGHU WKH DHJLV RI WKH 'HSDUWPHQW RI
7UDQVSRUW,WLVRQHRIWKHILIWHHQUHVHDUFKRUJDQLVDWLRQVWRFRPHXQGHUWKH'HSDUWPHQWRI6FLHQWLILFDQG
,QGXVWULDO5HVHDUFK '6,5(QJOLVK URDGVDIHW\ UHVHDUFKGHYHORSHG LQ WKHKHDUWRI WKH%ULWLVK UHVHDUFK
V\VWHP /LNH WKH RWKHU OLQHV RI UHVHDUFK LQ WKH 55/ URDG VDIHW\ LV JHQXLQHO\ LQGHSHQGHQW RI WKH
'HSDUWPHQW RI 7UDQVSRUW ± IRU WKH VDNH RI WKH QHFHVVDU\ VHSDUDWLRQ EHWZHHQ UHVHDUFKHV DQG GHFLVLRQ
PDNLQJ7KLVVLWXDWLRQFDPHWRDFORVHZLWKWKHGLVDSSHDUDQFHRIWKH'6,5LQDQGWKHDWWDFKPHQWRI
WKH YDULRXV ODERUDWRULHV WR WKH PLQLVWHULDO GHSDUWPHQWV FORVHVW WR WKHLU ILHOG RI RSHUDWLRQV 7KH 755/
ORJLFDOO\HQRXJKZDVSODFHGXQGHUWKHDHJLVRIWKH'HSDUWPHQWRI7UDQVSRUW

$WWKHEHJLQQLQJRIWKHVWKHUHZDVDJURZLQJGHWHUPLQDWLRQZLWKLQWKH'HSDUWPHQWRI7UDQVSRUW
WR HTXLS LWVHOI ZLWK WKH PHDQV WR SLORW ILQLVKHG UHVHDUFK ± D UHVSRQVH WR WKH FRQWHQWV RI WKH 
5RWKVFKLOG5HSRUW ,WPDUNHG WKH HQG RI DQ HUD LQZKLFK WKH ODERUDWRULHV SXUVXHG WKHLU RZQ UHVHDUFK
DJHQGDKHQFHIRUWKWKHLUUHVRXUFHVZRXOGEHPDGHDYDLODEOHWRWKHDGPLQLVWUDWLRQ%DUNHU%HHVOH\
0LQLVWU\VSRNHVSHUVRQVHVWLPDWHGWKDWRIJRYHUQPHQWUHVHDUFKPLJKWEHLQLWLDWHGE\WKHUHVHDUFKHUV
EXWWKDWVKRXOGEHLQLWLDWHGE\WKH'HSDUWPHQWRI7UDQVSRUW7RDFKLHYHWKLVDWHDPUHVSRQVLEOHIRU

³,QIDFWPDQ\RIWKHSUREOHPVWKDWFRQIURQWWKHODERUDWRU\DUHHFRQRPLFDQGVRFLDOLQFKDUDFWHU«%\VWXG\LQJWKHWUDIILFRQDOO
URDGVLQWKHYLFLQLW\RIWKHSURMHFWHGPRWRUZD\>/RQGRQ%LUPLQJKDP@LWZDVSRVVLEOHWRSUHGLFWWLPHVVDYLQJVDQGDFFLGHQWVVDYLQJV
DQGKHQFHWKHOLNHO\UHWXUQWRWKHFRPPXQLW\´*ODQYLOOH
'6,555%³$UHYLHZRI3RVW:DU5RDG5HVHDUFK´1$'6,50D\S
©5RDGVDIHW\PRUHRYHULVDSUREOHPIRUZKLFKQHDUO\HYHU\ERG\KDV³LQIDOOLEOH´UHPHGLHV±PDQ\RIWKHPLPSUDFWLFDEOHEXWQRW
HDVLO\ GHPRQVWUDWHG DV VXFK´'6,5 55%6HFRQG 5HSRUW RI WKH &RPPLWWHH RQ ,QIRUPDWLRQ 6HUYLFHV 1$'6,5  %,
)HEUXDU\
³2QHRIWKHILUVWWDVNVLQKHOSLQJWRSXWWKLVWUDQVIRUPDWLRQRQWRDVFLHQWLILFEDVLVKDVEHHQWRREWDLQWKHEDVLFIDFWVDQGILJXUHV
UHODWLQJWRWKHURDGVDQGWRWKHWUDIILFXVLQJWKHP´*ODQYLOOH
(QWLWOHG7KH2UJDQL]DWLRQDQG0DQDJHPHQWRI*RYHUQPHQW5HVHDUFKDQG'HYHORSPHQW LWVWDWHGWKHSULQFLSOHRIDFXVWRPHU WR
VXEFRQWUDFWRUUHODWLRQVKLS³WKHFXVWRPHUVD\VZKDWKHZDQWVWKHFRQWUDFWRUGRHVLWLIKHFDQDQGWKHFXVWRPHUSD\V´
5RDG6DIHW\3URJUDPPH3ODQQLQJ±3$56WHHULQJ*URXS±5HVHDUFK1$0756
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UHVHDUFKSODQQLQJZDVFUHDWHGLQWKH7UDQVSRUW'HSDUWPHQWDWWKHEHJLQQLQJRIWKHV,QDFWXDOIDFW
WKHGHYHORSPHQWRIWKHFXVWRPHUVXEFRQWUDFWRUUHODWLRQVKLSFDPHWRQRWKLQJ0DLQO\EHFDXVHWKHPLQLVWU\
VXIIHUHGIURPDUHODWLYHODFNRIH[SHUWLVHFRPSDUHGZLWKWKHJRYHUQPHQWODERUDWRULHV7KLVSKHQRPHQRQ
HQFRXUDJHGWKHGHYHORSPHQWRIWUDQVSRUWUHVHDUFKLQWKHXQLYHUVLWLHV%RGHQ	DO

,Q WKLV VHWXS WKHXWLOLVDWLRQRI VFLHQWLILF UHVHDUFKDQGNQRZOHGJHDERXW URDGVDIHW\PDGHFRPSOHWH
VHQVH ,W RSHUDWHG LQ D FRQWH[W RI UDWLRQDOLVHG JRYHUQPHQW DFWLRQ ZKLFK UHFRQILJXUHG WKH LQWHUIDFH
EHWZHHQVFLHQFHDQGSROLWLFVDQGVORWWHGLQWRDWUDGLWLRQDOUHVHDUFKVWUXFWXUHWKDWOHJLWLPLVHGWKHSODFHRI
VFLHQFH LQ WKH IRUPXODWLRQ RI URDG VDIHW\ SROLF\ )URP WKLV SRLQW RI YLHZ WKH )UHQFK FDVH ZDV YHU\
GLIIHUHQW

5HVHDUFKDQGVSHHGFDPHUDVGHSOR\PHQW

,Q(QJODQGVSHHGFDPHUDVGHSOR\PHQWVHHPVQRWWRVKRZDPDMRUVKLIWLQWKHXVHRIVFLHQFHLQSXEOLF
SROLFLHV6HYHUDOVFLHQWLILFZRUNVDUHDFFRPSDQ\LQJWKHGHSOR\PHQWSURFHVVRIVSHHGFDPHUDVLQ(QJODQG

7KLV WHFKQRORJLFDO VROXWLRQ WR WKH SUREOHP UDLVHG E\ VSHHG FRQWUROV LV DOUHDG\ SUHVHQW LQ WKH
UHFRPPHQGDWLRQVRI WKH5RDG7UDIILF/DZ5HYLHZSXEOLVKHG LQ IROORZLQJ WKHZRUNVPDGHE\D
FRPPLVVLRQGLUHFWHGE\3HWHU1RUWKDQGLQWHJUDWLQJWZRDFDGHPLFUHVHDUFKHUVWZRPHPEHUVRIWKH+RPH
2IILFH DQG WZR PHPEHUV RI WKH 'HSDUWPHQW RI 7UDQVSRUW :H FDQ REVHUYH WKH UHDO EDODQFH EHWZHHQ
UHVHDUFKHUVDJHQWVRIWKHPLQLVWU\RI7UDQVSRUWDQGUHSUHVHQWDWLYHVRISROLFHPHQ7KHVSHFLILFDWLRQVRI
WKHFRPPLVVLRQDUHUHO\LQJRQ³VLPSOLILFDWLRQHIILFLHQF\DQGDFFHSWDELOLW\´RIWKH5RDG7UDIILF/DZ

7KH 5RDG 7UDIILF $FW IURP  DOORZV MXULGLFDO DGMXVWPHQWV QHFHVVDU\ WR WKH OHJDOL]DWLRQ RI
LQIUDFWLRQVREVHUYHGE\DXWRPDWLFGLVSRVDOVDQGKHQFHWKHLQWURGXFWLRQRIWKHDXWRPDWLRQRIWKHVDQFWLRQV
WRWKHLQIUDFWLRQVWRWKHUXOHVRIWKHURDG)LUVWVHWWOHPHQWLVPDGHLQ:HVW/RQGRQLQ7KHUHDUH
VSHHG HQIRUFHPHQW V\VWHPV DQG  GHYLFHV RQ WUDIILF OLJKWV :DUG  ,Q  QHDUO\  VDIHW\
FDPHUDV DUH GHSOR\HG LQ(QJODQG7KH\ DUHPRVWO\ GHDOLQJZLWK VSHHG HQIRUFHPHQW V\VWHPV ,Q 
PRELOHGHYLFHVDUHUHSUHVHQWLQJDOPRVWKDOIRIDOOGHYLFHV&DUQLV+DPHOLQ

6FLHQWLILFZRUNVDUHDFFRPSDQ\LQJWKLVGHSOR\PHQWSURFHVV,W LVSDUWLFXODUO\WKHFDVHIRUWKHZRUNV
GRQHE\&ODLUH&RUEHWW%UXQHO8QLYHUVLW\,QVKHLVGULYLQJWKHILUVWSROORIGULYHUVRQWKH$
WKDQNV WR D IXQGLQJPDGH E\ WKH75/ DQG D UHO\ RQ H[LVWLQJ$XVWUDOLDQ VFLHQWLILFZRUNV7KLV NLQG RI
ZRUNDLPVDWPHDVXULQJDWWLWXGHVRIFDUGULYHUVDQGWKHUHIRUHWKHDFFHSWDWLRQRIVSHHGGHYLFHVE\SXEOLF
RSLQLRQ7KHFRQFOXVLRQVRIWKHZRUNDUHGHDOLQJZLWKWKHRYHUDOOPHDQLQJDQGWKHREMHFWLYHVWRJLYHWR
WKHQHZVSHHGHQIRUFHPHQWV\VWHP7KH\DUHDOVRLQGLFDWLQJWKDWLIWKHDLPLVRQO\WRVORZWKHVSHHGRQ
PRVWGDQJHURXVDUHDVWKHV\VWHPLVTXLWHRSHUDWLYH&RUEHWWEXWLIWKHDLPLVWRSURGXFHD
PRUHXQLIRUPVSHHGLWLVQHFHVVDU\WRGHYHORSPRELOHGHYLFHV7KHVHILUVWVFLHQWLILFZRUNVDUHSURGXFLQJ
FOHDUUHFRPPHQGDWLRQVWR(QJOLVKSROLF\PDNHUV

7KHILUVWLPSDFWHYDOXDWLRQRIWKHVSHHGHQIRUFHPHQWV\VWHPLVIURP7KH+RPH2IILFHDVNHGIRU
LWLQFRQMXQFWLRQZLWKWKH$&327KLVLPSDFWHYDOXDWLRQLQWHJUDWHGDOVRDFRVWEHQHILWHYDOXDWLRQ+RRNH
HW DO &RQFOXVLRQV DUH HVVHQWLDO IRU XQGHUVWDQGLQJ WKH HYROXWLRQ RI WKH V\VWHP &DUQLV+DPHOLQ
 9HU\ VRRQ DIWHU WKH GHSOR\PHQW RI WKH V\VWHP SXEOLF SROLFLHV FDQ UHO\ RQ DQ HYDOXDWLRQ DQG
UHVHDUFKHVZKLFKDUHFRQFHLYHGDVWRROVIRUGULYLQJWKHV\VWHPDQGFDQH[SODLQVRPHRILWVHYROXWLRQV

1$07-XO\
5RDGWUDIILF/DZ5HSRUWV+062
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
6RFLRHFRQRPLF HYDOXDWLRQV RI WKHVH V\VWHPV KDYH D ELJJHU LPSRUWDQFH WKDQ LQ )UDQFH ,Q )UDQFH
WKHVHHYDOXDWLRQVDUHQRWIUHTXHQWDQGDUHPDGHE\WKHDGPLQLVWUDWLRQLQFKDUJHRIWKHVHV\VWHPV2QWKH
FRQWUDU\ LQ(QJODQG WKHUHDUHPDQ\DQGUHFXUUHQW LQGHSHQGHQW UHVHDUFKVWXGLHV DQG
7KH\DUHRIWHQIROORZHGE\VFLHQWLILFSXEOLFDWLRQV7KLVPDNHVWKHK\SRWKHVLVRIDWHFKQLFDODQG
LQVWUXPHQWDOXVHRIVFLHQWLILFNQRZOHGJHVWURQJHU

$V ZH KDYH MXVW VHHQ DXWRPDWLRQ LV D PRVWO\ LQVWLWXWLRQDO ILHOG 'I7 3ROLFH ± $&32 75/ DQG
XQLYHUVLWLHV OHDYLQJ WKH FLYLO VRFLHW\ DSDUW H[FHSW WKH DFFHSWDWLRQ RI WKHVH QHZ WRROV E\ WKH SXEOLF
RSLQLRQ :DUG  ([SHUWV KDYH VRPH PLQRU FULWLFLVPV FRQFHUQLQJ WKH WRROV DQG SURSRVLQJ VRPH
LPSURYHPHQWV TXHVWLRQV RQ EHVW VWUDWHJLHV TXHVWLRQV RQ WKH FDSDFLW\ RI WKH WRROV WR UHDFK WDUJHW
SRSXODWLRQV5HVHDUFKDOVRRIIHUVDOWHUQDWLYHVROXWLRQV

'LIIHUHQWLQWHUHVWJURXSVDUHPRELOL]HGRQWKHRQHKDQGJURXSVLQIDYRXURIVSHHGOLPLWVDQGRQWKH
RWKHU KDQG JURXSV LQ IDYRXU RI FDU GULYHUV :DUG7KHPRELOL]DWLRQRI WKHVH DFWRUV LV D IXUWKHU
DUJXPHQWVKRZLQJWKDWUHVHDUFKHUVDUHRQO\FRQFHUQHGDFWRUVDPRQJRWKHUV7KHVHFRQVWLWXWHGJURXSVDUH
JLYLQJ JURXQG WR WKH K\SRWKHVLV RI DQ LQWHUDFWLRQ DQG UHVHDUFK DV SDUW RI D PRUH JOREDO LQWHOOHFWXDO
HQWHUSULVH:HLVV

6RPHJURXSVDUHFOHDURSSRQHQWVWRWKHWRROVRUDWOHDVWVSHDNDERXWDWRROFRQFHLYHGWRHDUQPRQH\±
VXFKDVWKH$VVRFLDWLRQRI%ULWLVK'ULYHUVFUHDWHGLQ±FRPSDUHGWRURDGLQIUDVWUXFWXUHVSODQQLQJLQ
WKH IUDPHZRUN RI WKH HFRQRPLF FULVLV RI WKH V 7KHUHIRUH $%' FULWLFL]HV WKH H[SHULHQFH OHG LQ
/RQGRQ$%'DOVRSXWLQWRTXHVWLRQWKHZRUNGRQHE\WKH75/LQFOXGLQJDIWHULWVSULYDWL]DWLRQEHFDXVH
WKH 'I7 LV VWLOO RQH RI 75/¶V PDLQ FOLHQWV:H FDQ WKHUHIRUH REVHUYH D SROLWLFDO DQG VWUDWHJLF XVH RI
HYLGHQWGDWD7KHVHRSSRVLWLRQVDUHKHDUGDQGWKH\DUHDQVZHUHGE\WKHDGGLFWLRQRISUHFLVHLPSODQWDWLRQ
UXOHVWKHQHFHVVLW\WRFODULI\WKHVWDWXVRIWKHURDGVDQGWRVLPSOLI\WKHGHILQLWLRQSURFHVVRIVSHHGOLPLWV

&RQFOXVLRQ

,QERWKFRXQWULHVVFLHQFHZDVDWWKHKHDUWRIWKHSXEOLFURDGVDIHW\SROLF\PDNLQJ%XWPRUHWKDQWKH
LPSDFWPDGHE\WKHRXWFRPHVRIWKHUHVHDUFKWKDWZDVGRQHLWLVWKHXVHDQGWKHQRQXVHRIWKLVZRUNWKDW
KDVWREHWDNHQLQWRDFFRXQWLQRUGHUWRJDLQDEHWWHUXQGHUVWDQGLQJRIWKHURDGVDIHW\SROLFLHV7KHFDVHV
VWXGLHGVKRZGLIIHUHQWLDWHGXVDJHVZKLFKFDQEHH[SODLQHGE\UHIHUHQFHWRWKHSODFH WKHVWDWXVDQGWKH
OHJLWLPDF\RIWKHRUJDQLVDWLRQVSURGXFLQJUHVHDUFKLQWKHWZRFRXQWULHVRIRXUVWXG\

:HZDQWWRKLJKOLJKWWKHIDFWWKDWVSHHGOLPLWVJHQHUDOL]DWLRQVWXGLHGLQ)UDQFHVKRZHGWKDWUHVHDUFK
LV MXVW RQH HOHPHQW RI D PRUH JOREDO LQWHOOHFWXDO HQWHUSULVH ZKHUH LQWHUHVW JURXSV OHJLWLPDF\
FRQIURQWDWLRQDQGLGHRORJLHVDUHDWVWDNH7KHVWUDWHJLFWDFWLFDORUSROLWLFDOXVHLVSUHGRPLQDQW5HVHDUFK
LV XVHG LQ RUGHU WR FRQYLQFH :KHQ DQ DUJXPHQWDWLRQ LV QHHGHG LQ IDYRXU RI DGRSWHG PHDVXUHV RU
GLVFXVVHGPHDVXUHVWKHOHJLWLPDF\JLYHQE\WKHVFLHQWLILFILHOGLVUHTXLUHG%XWWKLVWDFWLFDOXVHFDQDOVR
EHDWRROIRUSRVWSRQLQJGLIILFXOWGHFLVLRQV³IXUWKHUUHVHDUFKLVQHHGHG´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
7KH(QJOLVKFDVHVWXG\VKRZVDVWURQJHULQVWUXPHQWDOXVHWKDQLQ)UDQFH7KLVFDQEHH[SODLQHGE\D
PRUH OHJLWLPDWH DQG PRUH LQWHJUDWHG UHVHDUFK WR WKH GHFLVLRQPDNLQJ SURFHVV 1HYHUWKHOHVV WKH
LQWHUDFWLRQPRGHODQGWKHPRGHORIUHVHDUFKDVSDUWRIDPRUHJOREDOLQWHOOHFWXDOHQWHUSULVHDUHXVHIXOIRU
XQGHUVWDQGLQJ WKH HODERUDWLRQ RI(QJOLVK URDG VDIHW\ SROLFLHV 6FLHQWLILF NQRZOHGJH DUH FLUFXODWLQJ DQG
VFLHQWLILFDUHRQO\RQHSDUWLFLSDQWDPRQJRWKHUV LQ WKHHODERUDWLRQRISXEOLFSROLFLHV1RWKLQJ LQGLFDWHV
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1HYHUWKHOHVV E\ IRFXVLQJ RQ VSHHG PDQDJHPHQW ZH KDYH H[FOXGHG IURP WKH GLVFXVVLRQ SRWHQWLDO
FRPSHWLWLRQ EHWZHHQ ³VFLHQWLILF´ VROXWLRQV WR URDG VDIHW\ SUREOHPV$ FRPSDULVRQ EHWZHHQ WKHZDU RQ
GULQNGULYLQJ WKHZHDULQJRI VHDWEHOWV DQG WKHTXHVWLRQRI VSHHG OLPLWVPLJKWKDYH OHGXV WRGLIIHUHQW
UHVXOWV:HZRXOGQR ORQJHUKDYH D ³UHGXFWLRQ´RI WKH URDGVDIHW\SUREOHPGHPDQGHGE\ JRYHUQPHQW
DFWLRQEXWRQWKHFRQWUDU\DZLGHQLQJRIWKHZD\VLQZKLFKWRGHDOZLWKWKLVSUREOHPZKLFKLVFDSDEOHRI
EHLQJ VWHHUHG WRZDUGV GLIIHUHQW QRW WR VD\ FRPSHWLQJ SXEOLF SROLFLHV %HFDXVH LW LV PXOWLGLVFLSOLQDU\
URDGVDIHW\ UHVHDUFK LV ³IUDJPHQWDU\´ ,Q WHUPV RI WKH XVH RI UHVHDUFK RQH FDQ EH VWUXFN E\ WKH LGHD
DOUHDG\DGYDQFHGE\&:HLVVWKDWWKHXVHRIVFLHQFHLVPRUHOLNHO\WROHDGWRDQHQGDUNHQPHQWWKDQWRDQ
HQOLJKWHQPHQWZKLFKUHQGHUVLWVXVHSUDFWLFDOO\LPSRVVLEOHIRUSROLF\PDNHUV
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